This paper exhaustively analyses the recent decline of international trade elasticities to output growth. We extend an empirical model of import demand functions to account not only for transitory factors, such as relative prices and import intensity-adjusted measures of demand (I-O Tables), but also for habitually neglected permanent factors such as protectionism, vertical integration (i.e. Global Value Chains) and foreign direct investment (FDI). Dealing with a non-stationary heteregenous panel of 27 countries, we estimate a panel Error Correction Model from 1960 to 2015 in order to break down world trade elasticities. Our main fi ndings evidence: i) the presence of panel (cointegrating) structural changes in the trade-to-GDP relationship in 2000 and 2009, private consumption being a source of disruption; ii) although investment and exports are the most sensitive, import-intensive components of demand, this is far from being transitory, which is clearly weighing on the current slowdown; iii) the relevant contribution of GVCs shows a procyclical pattern, questioning the permanent nature of the current levelling-off of vertical integration processes. The lack of progress in reducing import tariffs and the usual discarded, complementary relationship between FDI and imports have a residual role. All in all, our results have substantial policy implications, as they reinforce the idea of a historical break towards a new 'normal' trading phase. Keywords: global trade, income elasticities, panel error correction models, panel cointegration structural breaks. JEL classifi cation: F14, F40, C23. Resumen Este trabajo analiza exhaustivamente la reciente disminución de las elasticidades del comercio internacional al crecimiento de la producción. Extendemos un modelo empírico de funciones de demanda de importaciones para tener en cuenta no solo factores transitorios, tales como los precios relativos y medidas de demanda ajustadas por intensidad en las importaciones (tablas Input-Output), sino también por factores permanentes normalmente omitidos, tales como proteccionismo, integración vertical [p. ej., cadenas globales de valor (CGV)] e inversión extranjera directa (IED). Mediante un panel heterogéneo y no estacionario de 27 países, estimamos un modelo de panel de corrección de errores (MCE), desde 1960 a 2015, para descomponer las elasticidades del comercio mundiales. Nuestros resultados evidencian: i) la presencia de cambios estructurales (cointegrados) de panel en la relación entre comercio y PIB en 2000 y 2009, siendo el consumo privado una fuente de perturbación; ii) si bien la inversión y las exportaciones son los componentes de demanda más sensibles e intensivos en importaciones, ello está lejos de ser un fenómeno transitorio, lo que está pesando claramente en la reciente desaceleración, y iii) la relevante contribución de las CGV muestra un patrón procíclico, cuestionando el carácter permanente de la actual nivelación de los procesos de integración vertical. Por el contrario, la ausencia de avances en la reducción de aranceles de importación y la relación de complementariedad entre IED y comercio, usualmente olvidada, muestran un papel residual. Con todo, nuestros resultados sugieren implicaciones de política económica sustanciales, ya que refuerzan la idea de un cambio histórico hacia una nueva etapa «normal» de comercio internacional. Palabras clave: comercio global, elasticidad de la renta, modelos de panel de corrección del error, cambios estructurales cointegrados en panel. Códigos JEL: F14, F40, C23. BANCO DE ESPAÑA 7 DOCUMENTO DE TRABAJO N.º 1614
Introduction
Trade flows collapsed during the so-called 'Great Recession' of 2009 more than ever, prompting a huge shock to economic agents. The sudden and grave downturn in global trade was followed by a remarkable rebound and a phase of anaemic growth from 2010. In recent years, higher trade ratios (i.e. rising openness) have led to more trade-sensitive economies, which are facing higher spillover effects due to greater trade (inter)dependence. In addition, trade monitoring has become paramount since it has emerged as a channel for knowledge transfer and for specialisation based on comparative advantages, thereby improving resource allocation and supporting higher economic growth and welfare (real incomes) over time. 1 As a result, it is not surprising that the relationship between business cycles and trade flows has been a relevant, long-standing question, which has received renewed attention given that the recent trade slowdown and its future evolution are becoming a real "puzzle". Policymakers and scholars are unanimously questioning whether the protracted global trade-to-GDP ratio of 60% registered repeateadly since 2011 -according to the World's Bank World Development Indicators database -might represent an actual ceiling (See Figure 1 ). The upshot of this evolution lies at the heart of the debate. In a nutshell, the current time-invariant global trade-to-GDP ratio has been both theoretically and empirically explained by the related literature through a breakdown of transitory against permanent factors, or a combination of both. The question is whether the current situation is simply a reflection of the weak world business cycle or whether some other structural factors are also playing a role.
The easy but unclear answer would be a combination of both. Yet our empirical approach tries to shed some light on these hypotheses by quantifying the actual contribution to import growth of selected transitory (i.e. import-adjusted demand, relative import prices) and permanent factors (namely protectionism, vertical integration and foreign direct investment [FDI] ). For the sake of simplicity, we firstly test the presence of (panel) structural breaks in trade-to-GDP elasticity over time, under a usually neglected long-term cointegrating framework. Secondly, we estimate a panel dynamic Error Correction Model (ECM) to break down the recent decline in global trade elasticities into transitory and permanent factors, therefore constituting the first attempt to relate both branches of the related literature.
The first strand of the literature builds up the transitory (cyclical) factors behind the recent slowdown in global trade. Some papers invoke the change in the composition of aggregate demand (Bussière et al. 2013 ) while others focus on the weakness in intra-euro area trade (the EU trade 1 See, for instance, Baldwin (2011) and Hoekman (2015) . bloc accounts for one-third of total world trade). In this regard, what has really been special in the current trade slowdown period is that it has been mainly driven by emerging economies. 2 Figure 2 ). A regional decomposition of trade elasticities demonstrates that the shift in relative growth from advanced economies towards emerging market economies has caused a considerable decline in the elasticity of global imports in recent years, since import elasticity is noticeably lower in emerging market economies (Slopek, 2015) .
(See
On the other side, there are quite diverse potential factors of a permanent (i.e. structural) nature that may have led to the recent global trade slowdown. First, a slowdown in the expansion of global value chains (GVCs) is likely to have a persistent dampening impact (Constantinescu et al. 2015 ). 3 However, while supply chain specialists predict that there will be a move away from highly fragmented, globe-spanning supply chains towards a greater reliance on regional product networks (Srinivasan et al. 2014 , Stank et al. 2014 , others disagree and argue that the trade slowdown is more pronounced for products where participation in GVCs is more prevalent (Ferrantino and Taglioni, 2014) . 4 Second, the rise in government support for domestic industries (i.e. protectionism), for example by increasing non-tariff barriers such as quality standards or health regulations.
Third, the end of integration processes in China and central/eastern Europe. Fourth, the change in the composition of global trade towards products with lower elasticity (trade-income). And last but not least, the potential substitution effect of higher stocks of inward FDI in domestic demand for imports. This forgotten channel may have been playing a role in the recent trade slowdown, as raised by Barrell and Pain (1997) and in the special report on FDI by the WTO (1996) . 5 Our empirical strategy is based on the extension of import demand functions under a panel cointegrating framework. We revisit world trade elasticities and consider an empirical model of international trade flows in order to test for potential (transitory and permanent) determinants behind the recent decline in trade elasticities. In particular, we account for i) differences in competitiveness, proxied by relative import prices; ii) the higher disggregated import intensity-adjusted 2 Due to data availability constraints and considering the homogeneity principle when addressing with trade figures, we were not able to include major emerging economies such as China, Brazil, India or Russia in our panel regressions. 3 It may be interpreted as the absorption of past technology shocks, which have led to the fall of the share of imports of intermediate goods in certain emerging economies' merchandise exports, for instance. 4 In any case, it may be too premature to conclude that structural expansion is over since it is a relatively recent phenomenon and there is potential for further trade liberalisation (Jääskela and Mathews, 2015). 5 Our main contributions may be summarised as follows. First, by means of panel cointegration tests of structural breaks with cross-dependence, we are able to detect at least two structural changes in long-run trade-to-GDP elasticities over time, particularly in 2000 and 2009 8 . Second, we find that the global long-term elasticity of trade with respect to income reverted back to even lower levels after the GTC. Third, in terms of GDP components, private consumption seems to be one of the main sources of structural breaking in the trade-to-GDP relationship. In this respect, we demonstrate that although exports and investment are the most sensitive, import-intensive components of demand, such evolution is far from being transitory and is clearly weighing on the current slowdown. 9 Fourth, our empirical findings also suggest that permanent factors are playing an important role in the current regime. For instance, the contribution of GVCs to import growth has evolved quite procyclically in the last four years, questioning the current levelling-off of vertical integration to be of a permanent nature. To a lesser extent, the lack of progress in reducing import tariffs is statistically negligible, while a usually forgotten, complementary relationship between inward FDI and imports is also found, albeit with a rather small elasticity. Accordingly, these results have substantial policy implications, as they reinforce the idea of a historical breakpoint where longer-term factors are exerting influence at least as much as cyclical factors, heading to a new 'normal' trading regime.
The remainder of the paper is as follows. Section 2 reviews the related literature, emphasising those approaches trying to explain the recent trade slowdown under a global framework; Sect. 3 discusses the error correction dynamic panel model approach and panel cointregration tests with structural breaks, while Sect. 4 describes the data and provides stylised facts on the import content of GDP components, protectionist measures and GVCs; Sect. 5 highlights our main empirical results while Sect. 6 concludes. 6 Based on OECD Input-Output tables. 7 The choice of countries reflects data availability. In any case, they account for more than a half of world GDP in ppp, and for around 70% of world trade, according to IMF, WEO April 2016 figures. 8 Based on the very recently developed tests by Banerjee and Carrion-i-Silvestre (2015). 9 In line with the findings of the literature, firms often require specialised capital goods with usually more direct access from overseas than locally (see, for instance, Bems et al. (2013) ). provide some circumstantial evidence on how far each might have contributed to the observed slowdown". 10 As a matter of fact, many of their arguments have been addressed more formally in the papers that we review below. Vergara-Caffarelli (2013) evidenced higher elasticities in times of crisis than in expansions, since demand shocks may cause extensive margins to be adjusted more than output. In contrast, Ollivaud and Schwellnus (2015) took as a stylised fact that the apparent elasticity tends to decrease in global recessions. 11 A second strand of the literature argues that the change in the relationship is mainly cyclical, e.g. Boz et al. (2014) , who suggest that most of the decline in trade is explained by cyclical 10 Note that their definition of cyclical vs. structural factors is different to ours, as it refers to long vs. short-run properties of their country-speficic error correction models. A particular sub-section is devoted to this issue (Sect.
5.3)
. 11 In the appendix we address this issue by estimating our empirical model including asymmetries. Our results suggest that at times in which import-adjusted demand decreases, its sensitivity to imports becomes higher than in expansion regimes. It supports, partially, the idea of a trade-off between domestic sales and imports during recession periods, but only in the shortrun. elements and they should disappear once the global recovery progresses further. Veenendaal et al. With regard to permanent (i.e. structural) factors explaining the lower sensitivity of trade to production, mainly three can be mentioned. First, less intense fragmentation of the value chain internationally may cause a reduction in the intensity of trade to production, or what is equivalent to this, a reduction of international transactions for given production. Constantinescu et al. (2015) suggest that the vertical specialisation of the production process could be an important factor in determining the lesser responsiveness of trade to changes in income since the begining of the century. increased elasticity is due to composition effects rather than greater integration in the value chain.
A second permanent factor commonly used refers to a resurgence of protectionism (for example, by advancing non-tariff barriers such as quality standards or health regulations) or, in this respect, to a slower advance of the liberalisation and trade integration processes with respect to prior periods. Evenett (2014) and Evenett and Fritz (2015) consider that there may be effects of 3 The econometric strategy
Trade elasticities estimation
To begin with, we define an empirical structure based on short and long-run determinants of import volumes based on our theoretical underpinning, which is the standard constant elasticity of substitution (CES) demand system. 15 Against this backdrop, we establish a production possibilities frontier setting to demonstrate the theoretical foundation of our empirical approach. 16 Yet in contrast to the recent literature and to the best of our knowledge, this is the first attempt to adopt a dynamic panel error correction model based on the estimation of non-stationary heterogenous panels, in which the main focus will be on the extension of our import demand function (M i,t ). 17 We assume the following long-run import demand function:
where the number of countries i = 1, 2, ..., N ; the number of periods t = 1, 2, ..., T ; M i,t is the import volumes series; IAD i,t is a weighted vector decomposing aggregate demand: exports (X i,t ),
private consumption (C i,t ), government expenditure (G i,t ) and total investment (IN V i,t ) based on 13 And more so in periods in which investment and exports (the most import-intensive components of GDP) substantially change. 14 In this sense, it is worth highlighting that our income elasticities for the G7 countries using the GDP import and European Central Bank (2015). 16 To illustrate the theoretical background of our import demand function with an unrestricted elasticity, please refer to the Appendix (Sect. 7.1). 17 In the standard framework, the basket M i,t is itself a CES aggregate of individual imports.
the import content intensity from the OECD Input-Output tables; RP M i,t is the relative import price indicator, reflecting competitiveness in terms of national vs. foreign prices; F DI i,t is the stock of inward capital flows to host country i; and P T i,t is a measure of protectionism based on Temporary Trade Barriers (TTBs), such as import tariffs, antidumping and countervailing duties.
When it comes to vertical specialisation, we employ imported intermediate goods as a proxy of Global Value Chains (GV C i,t ), based on OECD bilateral trade in goods database. All variables are expressed in logs except P T i,t . Bear in mind that, if variables are I(1) and cointegrated, then the error term would be I(0) for all i. Therefore, for the sake of simplicity let us assume an ARDL(1, 1, 1) dynamic panel specification of (1):
and the error correction reparametrisation of the previous equation once we allow for additional dynamics:
where γ i = −(1− λ i ) reflects the speed of adjustment to long-run equilibrium and subscript i denotes the country. One would expect γ i to be negative if the variables exhibit a return to their long-run equilibrium. Besides, several import function theories indicate that the long-run demand elasticity, ρ , should be equal to one. The relative prices effect, μ, is generally thought to be negative. 18 The elasticity of imports to demand is stable in our model because IAD reflects the composition adjustments over time, tackling Marquez's critique as to the usefulness of the log-linear framework to estimate elasticities of trade to income, since trade openness may modify the domestic and foreign composition of expenditure. In this sense, under certain assumptions, aggregate demand takes the form of our IAD aggregator -in levels, a Cobb-Douglas function, with time-varying weights, of private consumption, investment, government consumption and exports. 18 As observed in Eq. (1), it restricts the elasticiy of imports to aggregate demand to be equal to one. Nonetheless, in the Appendix, a derivation of a theoretical (log) import demand equation -allowing for unrestricted elasticityis provided for the sake of clarity. We allow for temporal deviations of the theoretical long-run equilibrium elasticity of one.
Panel cointregration tests with structural breaks and cross-section dependence
Initial evidence indicates that there are serious grounds for accounting for structural instability when performing the cointegration analysis in the dataset as previously mentioned. In this sense, we try to shed some light on this controversial issue by testing heterogenous break dates based on Banerjee and Carrion-i-Silvestre (2015) . Their recent test not only accounts for structural breaks in a panel cointegrating framework but also for cross-dependence. For the sake of simplicity, let
be an (m × 1) vector of non-stationary stochastic process whose elements are individually I(1) and the structural form of the data-generating process (DGP) as:
x
i,j L j . Therefore, given the deterministic term D i,t , its general functional form is:
where DU i,j,t = 1 and DT i,j,t = (t − T b i,j ) for t > T b i,j and 0 otherwise, with T b i,j = λ b i,j T denoting the timing of the j-th break, j = 1, ..., m i , for the i-th unit, i = 1, ..., N, λ b i,j ∈ Λ, Λ being a closed subset of (0, 1) according to Banerjee and Carrion-i-Silvestre (2015). We assume that our model does not contain a linear trend −β i = γ i,j = 0 for all i, j and k i = 0 for all i. However, the presence of multiple structural breaks affects both the level and the cointegrating vector of the panel ECM. 19 19 It is worth mentioning that this framework becomes general enough to allow for multiple structural breaks affecting either the deterministic component or the cointegrating vector. The number of structural breaks with regard to the cointegrating vector (n i ) might be different from the number of those affecting the deterministic component (m i ). In the empirical arena, it is infeasible in practice unless the number of breaks is rather small.
Dataset and stylised facts
We consider the following 27 countries: the G7-group (United States, United Kingdom, Japan, Germany, France, Italy and Canada), and Australia, Korea, Spain, The Netherlands, Portugal, Norway, New Zealand, Sweden, Belgium, Finland, Denmark, Austria, Greece, Hungary, Iceland, Israel, Mexico, Slovenia, Switzerland and Ireland. Tha dataset spans the period running from 1960Q1 to 2015Q1, and is provided by the OECD. Table 1 reports descriptive statistics for quarterly changes.
Imports are measured in terms of volumes and refer to both goods and services. Domestic demand is constructed by using input-output tables, whereby weights of each demand component correspond to its country-specific share. The relative price (competitiveness) indicators are also country-specific, calculated as the log difference of national -GDP deflator -vs. import prices.
Other price measures such as the consumer price index (CPI) or unit labour costs in total economy (ULCT) were discarded owing to homogenous data availability constraints. Thus, as shown in Figure 5 , the import content of GDP components in our sample has evolved in recent years as follows. Investment continues to be the most import-intensive component of GDP, while exports and private consumption have gradually gained traction in recent years. In this connection, it is obvious that the trade intensity of different components of aggregate demand has varied insofar as changes in composition have become more plausible. For the sake of robustness, we have applied an interpolation strategy between input-output table releases. The results suggest that there are no significant variations against our weighting scheme.
In line with Ferrantino and Taglioni (2014), we have employed intermediate imported goods as a proxy of GVCs. The original source from 1990 up to 2015 is the OECD bilateral trade database. 20 Additionaly, we have used two sources of information on protectionism. First, the Global Trade Alert (GTA), an independent initiative coordinated by the CEPR. The GTA maintains a comprehensive database of trade with regard to TTBs, such as import tariffs, anti-dumping and countervailing duties. However, since the geographical coverage is rather limited, we have employed an alternative database of the World Bank based on Bown (2012). 21 The share of imports subject ( ) 20 We have converted annual figures into quarterly figures. 21 We have interpolated annual figures into quarterly figures up until the latest available data on the share of import products subject to imposed TTBs, which is 2014.
to any TTB in effect have been increasing steadily worldwide. 22 22 The limitations of this database are mainly two: i) measures are added to historical numbers as they are discovered, so the most recent observations should be revised upwards significantly.; ii) as warned by Boz et al.
(2014) the data include 'behind-the-border' measures in addition to those that are directly targeted on trade.
In terms of time series analysis, we have performed tests for identifying the order of integration both for individual series and within a panel framework. Our findings suggest that all real variables are I(1), whereas the presence of a unit root is not so straightforward to identify in the case of certain relative import prices. However, following Dieppe and Warmedinger (2007), we assume that these variables are I(1) and suitable for cointegration analysis. demand measures. 23 In Table 3, Insofar as we are interested in common long-run elasticities, we have employed a pooled mean group (PMG) estimator. It allows for heterogenous short-run dynamics and common long-run elasiticities and it is based on the pooled mean-group estimator for dynamic heterogenous panels 23 Domestic demand specification (1.44 against our 1.96), GDP specification (1.29 against our 1.72) and IAD specification (1.16 against our 1.37). Albe withit different time and country selection database. 24 We devote a whole sub-section (5.3) to further research this issue.
developed by Pesaran et al. (1999) . Theoretically, import demand elasticity is usually restricted to one. However, when we test empirically the hypothesis ρ(IAD) = 1, the corresponding X 2 value of 393.8 leads to a rejection of the null hypothesis of unit demand elasticity. Additionally, our PMG estimates could fail to be inconsistent if the null of slope homogenity is empirically rejected.
To resolve this drawback, we have adopted a mean group (MG) estimation, meaning that the MG parameters are the unweigthed mean of the N individual regression coefficients. 25 Finally, we have restricted the coefficients of the cointegrating vector to be equal across all panels by estimating a traditional dynamic fixed-effects model. It also restricts the speed of adjustment coefficient and the short-run dynamics to be equal. 26 Table 3 reports in columns (5) and (6) the corresponding MG and dynamic FE approaches. Results do not differ dramatically across statistical approaches.
In order to empirically test whether there is a change in the cyclical determinants, such as relative import prices and the composition of aggregate demand, whose effects may be weighing on global lower trade elasticities, we have opted for a two-fold strategy. First, by conducting 5-year rolling window estimates by demand components (Figure 6 ). And second, by breaking import growth down into import-adjusted demand components ( Figure 7 ) and relative prices from 2005 onwards. As a result, we are able to quantify the contribution of both the weak recovery in the post-crisis period in the components of aggregate demand and the negligible effect of prices. The import growth decomposition of current figures demonstrates that although exports and investment have emerged as the most sensitive, import-intensive components of demand, this evolution is far from being transitory. In this respect, the private consumption contribution has been increasing over the last two years.
Based on Equation (3) estimates, Figure 8 reports the contributions to quarterly import growth of transitory and permanent factors, adding sequentially the GVCs. As can be observed, a procyclical pattern arises for GVCs, with positive and negative contributions over the last four years, which may lead a levelling off in global value chains to be discarded as a non-transitory factor. 27 Yet, in light of these results, it would imply that the vertical specialisation approach might help little in disentangling transitory and permanent factors. On the other side, the most relevant cyclical factor contributing to the current slowdown is clearly import-adjusted demand. 25 Based on . 26 As discussed in Baltagi et al. (2000) , these models are subject to a simultaneous equation bias from the engogeneity between the error term and the lagged dependent variable. However, our Hausmann test results indicate that this bias becomes minimal for our dataset. 27 Although different methodological approaches and proxies for GVCs were employed, our results are in line with those of Borin and Mancini (2015). In addition, our analysis has proceeded assuming that all units define a cointegration relationship. However, the rejection of the null hypothesis of no panel cointegration does not necessarily mean that all the units of the panel are cointegrated. In this regard, the information drawn from the unit-by-unit analysis can be helpful in assessing the robustness of our conclusions. To this end, we have taken into account only the units for which the null hypothesis of no cointegration is rejected in the unit-by-unit analysis. Accordingly, in Figure 11 the densities of the estimated coefficients for the three regimes under the cointegrating relationship are summarised. They show signs that the same qualitative conclusions in terms of lower import-demand elasticities are found. Table 4 reports the in-sample country-specific estimates using the three alternative import demand measures.
To sum up, once we have defined the three different periods based on our structural break estimates (i.e., 1960-2000; 2001-2009; 2010-2015) , Table 5 confirms that global long-term elasticities of trade with respect to income have reverted back to even lower levels after the GTC, in a context of lower relevance of short-term relative import prices. We have also tested the statistical crossdifferences of import-adjusted elasticities over time by generating multiplicative dummy variables for each regime already mentioned before, and implementing linear Wald tests. In all cases, H 0 :
we can reject the null hypotheses of statistical homogeneity. is that even if the long-run trade elasticity is high and has decreased over time, trade tends to slowly adjust to its equilibrium, which offsets the impact of income shocks. As reported in Table   5 , the speed of adjustment to the long-run equilibrium for the period between 2010 and 2015 is -0.233, rather slower than that in the previous period (-0.369). between inward FDI and imports is also found, while the lack of progress in reducing import tariffs becomes statistically negligible; iii) however, some transitory factors cannot be discarded, especially behind the third regime (2010) (2011) (2012) (2013) (2014) (2015) . For instance, as long as exports and investment have become more trade-intensive than consumption, a persistent EU recovery (high trade-to-GDP ratio) may boost global trade not only in advanced but also in emerging economies. In this respect, we find that although exports and investment are the most sensitive components to import demand, this is far from being transitory and is clearly weighing on the current slowdown. All in all, these results have substantial policy implications, as they reinforce the idea of a historical break, towards a new 'normal' trading phase.
Short vs. long-term determinants

Concluding remarks
Future avenues of research should consider the supply of trade finance as a potential nontransitory factor and growth rebalancing in China from investment and exports to consumer spending. The amount of domestic value added in China's exports grows as processing trade declines, which would lead to "onshoring" by replacing imports with domestically produced goods.
As a consequence, further research would be extremely useful to disentangle the insights of the current new 'normal' phase.
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Appendix
Theory: Import demand functions
To frame the theoretical foundation of our import-adjusted demand approach with an unrestricted elasticity, we draw our attention to the seminal approach of Goldstein and Kahn (1985) , based on the concept of the production possibilities frontier. We also follow the more recent theoretical framework of Feenstra (2003a, and 2003b) ; however, we have eventually considered imports as demand-driven in line with Bussière et al. (2013) .
Assuming that the total output (GDP ) function can be written as a function of prices 28 , and thus let Y be the vector of outputs, P the price vector of outputs 29 , M imports, P M the price vector of imports, and F , the vector of primary factors of production. Given a convex technology T (function of Y, M, and F ), the efficient economy assumed to determine outputs of individual goods and imports to maximize total output (GDP ) subject to prices and the endowments of primary factors. Let GDP be described by the function v(·) of P, P M , and F defined as:
in this set up, the demand for imports is given by the partial derivative −v P M (P, P M , F ), while the supply of output is given by v P (P, P M , F ). Once we use the market clearing condition for output, 
The market clearing condition for output is the first-order contidion (FOC) for this problem, which can be solved for the market clearing price. Then we can write the GDP function as:
and import demand is thus given by the partial derivative:
28 For the sake of simplicity, we omit time indices. 29 All prices are in real terms.
We can obtain the target import demand equation by imposing the translog assumption directly on the import demand function M = −v P M (D, P M , F ). Thus
where β p < 0. All in all, the import-based regression follows from first-differencing the import demand translog function under the assumption that second-order terms and factor endowments are constant over time. Including time indices and allowing for time variation in the coefficients β k , this yields
assuming next that β k,t = β D μ k,t we obtain that
Except for the constant included in the regression and the error term, this is again the traditional benchmark regression equation with import-adjusted demand by GDP components.
Asymmetries
From a policy point of view it is also important to assess whether the influence of import-adjusted demand pressure on import outcomes is an effect which appears only during economic expansions or whether there is a trade-off between domestic sales and imports during recession periods. In order to investigate such non-linearity, we test for the existence of an asymmetric relationship between our import-adjusted demand measure and imports by splitting the former into two different variables, depending on its change being positive (ΔIAD+) or negative (ΔIAD−) in two quarters running, that is:
In Table 6 the results of panel estimation models allowing for the asymmetric impact of importadjusted demand on import performance are summarised. As can be observed, the influence of the import-adjusted demand cycle becomes irrelevant in the long run. However, it has a noticeable asymmetric reaction in the short-term. In times in which the import-adjusted demand decreases, its sensitivity to imports becomes higher than in expansion regimes. It supports, partially, the idea of a trade-off between domestic sales and imports during recession periods, but only in the short run. To sum up, these findings are in line with Bussière et al. (2013) , which showed that, during recessions, imports fall by a larger magnitude than private consumption, and a similar magnitude to investment. Note: *** means coefficient significant at 1% level, ** at 5% , and * at 10%. Estimation span:
1960Q1 -2015Q4. Note: *** means coefficient significant at 1% level, ** at 5% , and * at 10%. Note: *** means coefficient significant at 1% level, ** at 5% , and * at 10%. 
